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ELECTROSTATEC POWDER COATING 
OF ELECTRICALLY NON-CONDUCTING SUBSTRATES 

BACKGRQUND OK TTTO TXivirpTnM 

5 

TTiis invention was made with Goverament siqjpart under Contract No 
MDA972-93-C-0020 awarded by Department of Defense. The 
Govenunent has certain rights in diis invendoD. 

10 This invention relates to the powder coating of electrically non- 
conducting substrates. 

Powder coating is a technique used to provide a durable coating 
on a surfkce. Powder particles of a curable organic powder-coating 
15 compound are eleclrostaticaUy charged and directed toward the smfece 
of a substrate. When the substrate is a grounded or connected to an 
oppositely charged metal, the particles are attracted to the suifece and 
« adhere to the surfece temporarily. The surface is thereafter heated to 
elevated temperature to cure the curable organic conq)ound to form the 
20 final coating. 

Powder coating is a preferred altemative to painting or 
electrophoretic paint coating. In these processes, solvents are used as 
carriers fer the paint pigments and other constituents of the paint 
coating. The solvents used for high-quality paint coatings include 

25 volatile organic compounds (VOCs), which are potentially atmospheric 
pollutants. Powder coating utilizes no solvents and no VOCs, and is 
therefore substantially more environmentally fiiendly. 

Powder coating is more di£5cult when the substrate is an 
electrically nonconducting material such as a plastic or ceramic. ^ ■ < - 

30 Several teofaniqoes have been developed to impart sufiScient electrical i-"^ 

conductivity to the snbstrete that it can be electrostatieally powder ^ " '""^ 
coated. A conductive material siidi as gn^liite can be added to the 
substrate to improve its conductivity, but this teoboiqae has the 
drawback tiiat it requires modification of die character of the substrate. 

35 The substrate can be preheated so that die powder particles partially 
core and stick when diey initially contact the hot suifece, but this 
approach requires tiiat the substrate be heated to ten^eratures that 
cannot be tolerated by some types of substrates such as orgamc-manix 
composite materials. In yet anodier approach, an electrically 
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conductive primer, typically contaimng metallic or graphite particles, is 
coated onto the suifece of the substrate. Although this approach is 
operable, it leaves the finished part with an electrically conductive 
coating between the substrate and the cured powder coaSing This 
5 dectrically conductive coating can interfere with some uses of the 
finished part, which otherwise would not eodubit electrical conductivity. 

There is a need for an improved approach for electrostatic 
powder coating of electricafly nonconducting objects. Such an 
approach would find widespread application in the coating of 
10 con^site materials, ceramics, plastics, and the like. The ptBsent 
mvention fiilfills this need, and fiirther provides reJated advantages 



SUMMARY nw THE T^A^r^n^ 



-IS 



The present invention provides a method for powder coating of 
ail electrically nonconductive substrate. Hie method is practiced 
without heating the substrate dming the coating operation. Itere is no 
imutation as to the type of powder coating utilized or die apparatus and 
method fisr electrostatically charging and depositing die powder onto 
)*2o the substrate. The coated substrate lemains electrically nonconducting 
with a high sui&ce electrical resistance, att^mportannjeiiiaderatiiralbr 
some appUcations such as ndssfle parts^mastTwain tf^arMft to 
radio fi'eqoency signals. 

In accordance with the invention, a powder coating method 
25 comprises the steps of providing an electrically nonconducting 
^ substrate, flying manti8tetic-inaterial^the.su^we.of:the:substFa±e 
n^JoA^^^ Erecting a flow of electrostatically charged powder particles toward 

r the substrate to form a powder coating OB the substrate, and curing the 

^N/ft' ^ powder coating. 

3^ The substrate can be any electrically nonconducting material, 
/ such as. for example, a plastic, a ceramic, a glass, or a nonmetallic 
/ cwnposite material. The antistatic material is preferably a fetty aimne 
salt A preferred fetty amine salt is ditaUow dialkyl ammonhim salt 
I and a most preferred fetty amine salt is ditaflow dimethyl ammonium 
X5 salt. The antistatic material may be applied by any known technique 
X^such as spraying, dqjping, and brushing.' bm spraying is prefer 

To apply the powder particles, a flow of the powder material (also 
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sometimes tomed a "powder precursor" material) is foimed and 
eleciiostaticaUy charged. Application and electrostatic charging can be 
accamphshed by any known technique, such as passing S flow of 

l^«»«s^>y?;ctionaUycontaclmgtheflowofpart^^^^^ 

A powder particles are applied to the substrate 

8w6ce^ the powder is cured by heating the powder coatiDg and the 

10 recommended to the powder coating that is used. Tliis curing step is 
accented by an increase in the resistivity of the 
^stetic coatmg, a desirable result inasmuch as the entire coSed 
amde becomes once again electricaUy nonconducting 

A key featiw of the i^ent approach is the application of an" 
isr antistatic matenal to the substrate prior to powder coating The 
antistatic coating, which is typically on die onto of a few i^ome^ 
ftwk or less, provides sufficient electrical conductivity to the sui&ce to 
ST^hI^h! I?'* ^« conductivity of 

• 20 ?^^.^*'f^^ ^ P« ^ or more. 

20 md may be adjusted by heat treatinents. TTiis high resistivity does no^ 
result m unacceptable electromagnetic wave attenuation for most 
appucaitoos. 

^ ^f^^aod advantages of die presem ii^^ 
apparent from the foHowing more detailed desci^on of the preferred 
^S^v.'^ ^ ^t'^ the accotn^ 

which illusbBte. by way of example, die principles of the invention 

BRIEF DESrRTPTrQitf nv ruj,^ ft ^"^y^r'T 



30 



^. * Wock flow diagram of a mediod for powdo- coating 
according to the mveniion; 

.r.fi^'^ ^ * schematic elevational view of the application of an 
antistatic coating to the substrate; 

^ ^ * schematic elevational view of electrostatic powder 
3s coating ofdie substrate; and 
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Fzguxe 4 is a scheraaiie elevational view of a coated substrate. 

DETAn Pn n eSCRIPTy^N OF THE JJ^JVEp^ HN 

Figure 1 depicts aa appzoach for powder coating a substrate, and Figures 
2-4 illustrate the events of the steps of the method and the final product An 
electrically nonconducting substrate 30 is provided, numeral 20. The substrate 
can be any electrically noncondncting solid, and no lindtation on its 
camposiiiQ& and form is known. Such electrically naneondacting solids can 
include, for example, a plastic, a ceramic, a glass, or a nonmetallic composite 
material. The inventors have used the process of the invention to powder coat 
a variety of electrically nonconducting substrates including quartz 
fibei/polycyanate matrix eoniiosite material, graphite fiber/polyimide matrix 
composite material, epoxy, a wrinkled low density polyethylene bag, 
polyimides. polyamides. polyetfaerimide tbermoplastic. polyetheretherketone 
thennpplastic, polycarbonate plastic, polypropylene plastic, and glass. 
Electticaily nonconducting substrate structures diat must be sanspareat to radio 
frequency energy during service are the ptefetxed applications, such as, for 
example, missile and aircraft skio structures and tadomes. 

An antistatic coating matttial is provided and applied to the substrate 
30 as a coating 32. numeral 22, and see also Figure 2. Antistatie materials are 
known for use in other applications and are described, for ewunple, in US 
Patent 5^19,493, whose disclosure is ineoiporated by reference. A prefeited 
antistatic material for use in the present invention is a fatty amine salt such as 
ditallow diaDcyl ammonium salt. A most prefened fatty amine salt is ditallow 
dimethyl ammonium salt, whose chemical sttocture is represented by 

Rl R2 

\ / 

R2 Rl 
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where is m iOsyl group containing 16-18 carbon atoms COOH, 
IS CH3, and X- is a halide, a nitrate, or a lower aJkyl sulfate ion. 

The antistatic material may be applied by any operable 
tedmique, such as spraying, dipping or brushing. Spraying is prefeired 
as illustrated in Figure 2. A flow of the antistatic coating (in an 
awropriate earner solvent, where required) is suppUed to an aerosol or 
other type of spray head 34, so that a thin coating 32 may be readfly 
appHed. The flow from the spray head is directed toward the substrate 
30 and deposited as the coating 32. If a solvent is used, it evaporates 
shortly after the antistatic coating material deposits onto the surfece of 
tte substrate. The antistatic coating 32 is preferably a few micrometers 
tmok, but this dimension is not critical. 

The antistatic coating 32 dissipates the electrical charge carried 
to the surfece of the substrate 30 during the later powder coating 
operation. By spreading the charge over a wide area of the substrate 
surface, space charge effects are reduced to an acceptably low level 
nie use of an antistatic coating has important advantages over use of 
an electricany conductive primer because it leaves no conductive 
particles on the sm&ce of the substrate 30, and because it can be heat 
treated to a desired electrical resistivity. Consequently, ths suifece 
conductivity of the final powder-coated article remains quite low an 
mportant consideration for substrates that ai« to be exposed to radio 
frequency enei^ during service. , 

A flow of electrostatically charge powder particles is directed to 
the substrate, numeral 24. The powder coating material used in the 
step 24 can be any operable curable powder coating material. Many 

wch materials are known in the art; and there is no known limitation on 
me types of powder coatings that can be used in die present invention. 
Powder coating compositions are desctibed, for example, in US Patents 
3,708,321; 4.000,333; 4.091.048; and 5,344.672. whose disclosures 
are mcoiporated by reference. In the present case, the preferred 
powder coating con^osition is an epoxy, but other powder 
formulations such as aoylics and polyesters are also operable. 

A flow of the powder coating particles is propelled from a tube 
36, typically by entrainment in a flow of a gas such as air or nitrogen, 
tovwd the substrate 30 that has aheady been coated with the antistatic 
coating 32. 
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Tlie powder coating partides are electrostatically charged by any 
operable teclmique. In aas approach, illustrated in Figure 3, the 
particles are electrostatically charged by passing through a discharge 
created between two electrodes 38. In another ^proach, fiiction inside 
the spray apparatus creates sufficient electrostatic charge on die 
powder particles. The thickness of the as-spiayed powder coating is 
typically sufficient to produce a final coating, after curing and 
associated consolidation, of fiDm about 0.001 to about 0.005 inches, 
most preferably from about 0.001 to about 0.003 inches, but the 
thickness can be larger or smaller as required. 

The powder paitides are typicalty of an oigamc composition that 
adheres to the sui&ce of the substrate SO/antistatic coating 32 by a 
combination of physical adhesion and electrostatic charge attraction. 
Without further treatment, the powder particles can be easily removed 
from the surface. 

To achieve a permanent, strongly adhesive powder coating 40 on 
the substrate 30 with the thin antistatic coating 32 interposed between, 
as shown in Figure 4, the as*sprayed powder coating is cured, numeral 
26. In the curing operation, the substrate 30 and uncured coatings 32 
and 40 are subjected to a curing cycle specific to the particular powder 
coating material and which is noimally provided by the manu&cturer of 
the powder coating material. ITie curing cycle usually involves heating 
the substrate 30 and the coatings 32 and 40 to an elevated temperature 
for a period of time to cure the coating 40. In a typical curing 
operation, the substrate 30 and coatings 32 and 40 are heated to a 
temperature of from about 250^ to about 340^, for a time of about 
30 mumtes. Hie polymeric components of the coatiiig cure, as by 
crosslmking and possibly with some degree of flow to consolidate, 
homogenize, and smooth the powder coating prior to the crosslinldng. 
After curing, the powder coaling 40 is typically from about 0.001 to 
about 0.005 inches thick. 

Tlie heating to achieve the cuiing of the powder coating 40 also 
has the desirable e^t of increasing die electrical resistivity of the 
antistatic coating 32. Hie smfhce electrical resistivity of the 
nonconductive substrate 30 and the as-applied coating 32 is typically 
about 10^^ ohms per square. After a typical curing cycle for the 
powder coating 40 as discussed above, the electrical resistivity of the 
antistatic coating 32 typically increases to a level such that it 
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is no longer sepazatdy measorable, and any suiface resistivity measuremeoi 

reflects the properties of the substrate 30 xather than the coatings 32 and 40. 

That is, the coaling 32 is sufficiently conductive during the powder coating step 

24 to permit die diss^ation of charge. The conductivity of the coating 32 is 

dieieafter reduced (Le., resistivity kcreased) soch that the entire coated article 

(substrate 30, coating 32, and coatfaig 40) has a high electrical resistivity 

corresponding to that of the substrate and not die coatings. 

Hie important consequence for applications such as the powder coating 

of aircraft and missile skin stnctures and radomes is that diese substrates, after 

curing of the coatings, are surprisingly and unexpectedly transparent to radio 

frequency radiation. Ihis transpaxency is impmant fw achieving low- 

observables technical reqdioneats. Such an increase in resistivity cannot be 

achieved if a conventional condactive coating is used m die powder coating 

process prior to the powder coating step. Such a conventional conductive 

coating deposits conductive paitides on die surface of die substrate, which 

conductive particles remain even after die curing step is complete and result in 

a lower surface resistivity of die coated article. In die present approach, the 

resistivity of die coated material returns to Uiat of the substrate, after curing is 
complete. 

The present invention has been reduced to practice with a number of 
cambmations of substrates and powder coatings. Substrates used included 
quanz fibe^^polycyanate matrix composite material, graphite fiber/polyimicle 
matrix composite material, epoxy, a wrinkled low density polyediylene bag, 
polyimides, polyamides. polyedurimide dietmoplastic, polyedieredierketone 
thermoplastic, polycarbonate plastic, polypropylene plactic, and glass. The 
antistatic material was die ditaUow dimethyl ammonium salt described above, 
which is available commercially in a carrier diat permits spray appKcation, and 
the powder coating was epoxy powder. 

Although a particular embodiment of die bivention has been described 
m detaa for purposes of illustration, various modifications and enhancements 
may be made without departing from die spirit and scope of die invention. 
Accordingly, die invention is not to be limited except as by die appended 
claims. 
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CLAIMS 



What is claimed is: 

L A powder coaling method, coropiisiiig the steps of: 
providing an elecixically nonconducting substrate; 
applying an antistatic material coating to the surface of the substrate; 
directing a flow of electrostatically charged powder particles toward the 
S substrate to form a powder coating on the suhstrat6» overlying the antistatic 
material coating; and 

curing the powder coating. 

2. The method of claim 1, whecdn the step of providing an 
electrically nonconducting substrate includes the step of 

providing a substrate selected firom the group consisting of a plastic, a 
cmmic, a g}ass, and a composite matmal. 

3. The method of claim 1 , wherein the step of applying an antistatic 
material faicludes the step of 

applying a fatty amine salt. 

4» The mediod of chum 1, wherein the step of applying an antistatic 
material includes the step of 

applying ditallow dialkyl ammonium salt. 

1 The method of claim 1, wherefax the step of applying an antistatic 
material includes the step of 

applying Ae andsiitic material to the substrate by a method selected 
from the group consisting of spraying, dipping, and blushing. 

6. The method of cbdm 1, wherein die step of directing a flow 
includes die step of 

forming a flow of die powder panicles, and 
electrostatically chargug the flow of powder pardcles. 
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7. Tlie method of claim 1, wherein the step of directing a flow 
includes the step of 

providing powder particles selected from the group consisting of an 
epoxy» an acrylic, and a polyester. 

8. The method of claim 1, wherein the step of curing includes the 

step of 

heating the powder coating arid the substrate to an elevated temperature. 

9. The article of claim 1, wherein the step of curing includes the 

step of 

heating die substrate, antistatic material coating, and powder coating to 
a tempaature sufficient to cure die powder coating and raise Ae electrical 
5 resistivitjr of the antistatic material coating so that die coated substrate is 
transparent to radio frequency radiation. 

^ 10. TI16 method of claim 1 or claim 9, wherein the step of providing 

an electrically nonconducting sabstrete includes the step of 

providing a substrate having a form selected from the group consisting 
of an aircraft skin siructur^ a missile skin structure, an aircraft radome, and a 

S missile radome. 
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